Within the framework of a standard discounted value model we examine whether a number of macroeconomic variables influence stock prices in the US and Japan. A cointegration analysis is applied in order to model the long term relationship between industrial production, the consumer price index, money supply, long term interest rates and stock prices in the US and Japan. For the US we find the data are consistent with a single cointegrating vector, where stock prices are positively related to industrial production and negatively related to both the consumer price index and a long term interest rate. We also find an insignificant (although positive) relationship between US stock prices and the money supply. However, for the Japanese data we find two cointegrating vectors. We find for one vector that stock prices are influenced positively by industrial production and negatively by the money supply. For the second cointegrating vector we find industrial production to be negatively influenced by the consumer price index and a long term interest rate. These contrasting results may be due to the slump in the Japanese economy during the 1990s and consequent liquidity trap.
I. Introduction.
A significant literature now exists which investigates the relationship between stock market returns and a range of macroeconomic and financial variables, across a number of different stock markets and over a range of different time horizons. Existing financial economic theory provides a number of models that provide a framework for the study of this relationship.
One way of linking macroeconomic variables and stock market returns is through arbitrage pricing theory (APT) (Ross, 1976) , where multiple risk factors can explain asset returns. While early empirical papers on APT focussed on individual security returns, it may also be used in an aggregate stock market framework, where a change in a given macroeconomic variable could be seen as reflecting a change in an underlying systematic risk factor influencing future returns. Most of the empirical studies based on APT theory, linking the state of the macro economy to stock market returns, are characterised by modelling a short run relationship between macroeconomic variables and the stock price in terms of first differences, assuming trend stationarity. For a selection of relevant studies see inter alia Fama (1981 Fama ( , 1990 ), Fama and French (1989) , Schwert (1990) , Ferson and Harvey (1991) and Black, Fraser and MacDonald (1997) . In general, these papers found a significant relationship between stock market returns and changes in macroeconomic variables, such as industrial production, inflation, interest rates, the yield curve and a risk premium.
An alternative, but not inconsistent, approach is the discounted cash flow or present value model (PVM) 1 . This model relates the stock price to future expected cash flows and the future discount rate of these cash flows. Again, all macroeconomic factors that influence future expected cash flows or the discount rate by which these cash flows are discounted should have an influence on the stock price. The advantage of the PVM model is that it can be used to focus on the long run relationship between the stock market and macroeconomic variables. Campbell and Shiller (1988) estimate the relationship between stock prices, earnings and expected dividends. They find that a long term moving average of earnings predicts dividends and the ratio of this earnings variable to current stock price is powerful in predicting stock returns over several years. They conclude that these facts make stock prices and returns much too volatile to accord with a simple present value model.
Engle and Granger (1987) and Granger (1986) suggest that the validity of long term equilibria between variables can be examined using cointegration techniques.
These have been applied to the long run relationship between stock prices and macroeconomic variables in a number of studies, see inter alia Mukherjee and Naka (1995) , Cheung and Ng (1998), Nasseh and Strauss (2000) , McMillan (2001) and Chaudhuri and Smiles (2004) . Nasseh and Strauss (2000) , for example, find a significant long-run relationship between stock prices and domestic and international economic activity in France, Germany, Italy, Netherlands, Switzerland and the U.K. In particular they find large positive coefficients for industrial production and the consumer price index, and smaller but nevertheless positive coefficients on short term interest rates and business surveys of manufacturing. The only negative coefficients are found on long term interest rates. Additionally, they find that European stock markets are highly integrated with that of Germany and also find industrial production, stock prices and short term rates in Germany positively influence returns on other European stock markets (namely France, Italy, Netherlands, Switzerland and the UK).
In this paper, we will draw upon theory and existing empirical work as a motivation to select a number of macroeconomic variables that we might expect to be strongly related to the real stock price. We then make use of these variables, in a cointegration model, to compare and contrast the stock markets in the US and Japan.
In contrast to most other studies we explicitly use an extended sample size of most of the last half century, which covers the most severe stock market booms in US and Japan. While Japans' hay days have been in the late 1980s, the US stock market boom occurred during the 1990s and ended in 2000. Japans' stock market has not yet fully recovered from a significant decline during the 1990s, and at the time of writing, trades at around a quarter of the value it saw at its peak in 1989.
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The aim of this paper is to see whether the same model can explain the US and Japanese stock market while yielding consistent factor loadings. This might be highly relevant, for example, to private investors, pension funds and governments, as many long term investors base their investment in equities on the assumption that corporate cash flows should grow in line with the economy, given either a constant or slowly moving discount rate. Thus, the expected return on equities may be linked to future economic performance. A further concern might be the impact of the Japanese deflation on real equity returns. In this paper, we make use of the cointegration methodology, to investigate whether the Japanese stock market has broadly followed the same equity model that has been found to hold in the US.
In the following section, we briefly outline the simple present value model of stock price formation and make use of it in order to motivate our discussion of the macroeconomic variables we include in our empirical analysis. In the third section we briefly outline the cointegration methodology, in the fourth section we discuss our results and in the fifth section we offer a summary and some tentative conclusions based on our results.
II. Data and motivation
In order to motivate our variable selection, a simple PVM may be formulated as 
for i = 1, …., N-1, by substituting (2) into (1) and repeatedly substituting for the expected future price term we get:
As T → ∞, (3) becomes:
Therefore, the share price depends upon the expected stream of dividend payments and the market discount rate. Hence, any macroeconomic variable that may be thought to influence expected future dividends and/or the discount rate could have a strong influence on aggregate stock prices.
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As suggested by Chen, Roll and Ross (1986) , the selection of relevant macroeconomic variables requires judgement and we draw upon both on existing theory and existing empirical evidence. Theory suggests, and many authors find, that corporate cash flows are related to a measure of aggregate output such as GDP or industrial production 4 . We follow, Chen, Roll and Ross (1986), Maysami and Koh (1998) and Mukherjee and Naka (1995) and make use of industrial production in this regard.
Unanticipated inflation may directly influence real stock prices (negatively) through unexpected changes in the price level. Inflation uncertainty may also affect the discount rate thus reducing the present value of future corporate cash flows.
DeFina (1991) has also argued that rising inflation initially has a negative effect on corporate income due to immediate rising costs and slowly adjusting output prices, reducing profits and therefore the share price. Contrary to the experience of the US, Japan suffered periods of deflation during the late 1990s and early part of the 21 st century, and this may have had some impact on the relationship between inflation and share prices
The money supply, for example M1, is also likely to influence share prices through at least three mechanisms: First, changes in the money supply may be related to unanticipated increases in inflation and future inflation uncertainty and hence negatively related to the share price; Second, changes in the money supply may positively influence the share price through its impact on economic activity; Finally, portfolio theory suggests a positive relationship, since it relates an increase in the money supply to a portfolio shift from non-interest bearing money to financial assets including equities. For a further discussion on the role of the money supply see Urich and Wachtel (1981), Rogalski and Vinso (1977) and Chaudhuri and Smiles (2004) .
The interest rate directly changes the discount rate in the valuation model and thus influences current and future values of corporate cash flows. Frequently, authors have included both a long term interest rate (e.g a 10 year bond yield) and a short term interest rate (e.g. a 3 month T-bill rate) 5 . We do not use a short term rate as our aim here is to find a long term relationship between the stock market and interest rate variables. Changes in the short rate are mainly driven by the business cycle and monetary policy. In contrast, the long term interest rate should indicate the longer term view of the economy concerning the discount rate.
For our long term rate using the US data we have chosen a 10 year bond yield, however for Japan we instead use the official discount rate. This is due largely to data availability constraints and that the market for 10 year bonds (and similar maturities)
in Japan has not been liquid for most of the time period covered. We should note that the discount rate is an official lending rate for banks in Japan, which implies it is generally lower than a market rate.
Unlike many studies; see inter alia Mukherjee and Naka (1995) and Maysami and Koh (2000); we do not include the exchange rate as an explanatory variable. We reason the domestic economy should adjust to currency developments and thus reflect the impact of foreign income due to firms' exports measured in domestic currency over the medium run. Additionally, in the white paper on the Japanese Economy in 1993, published by the Japanese Economic Planning Agency, it has been pointed out that the boom in the economy during the late 1980s has been driven by domestic demand rather than exports (Government of Japan, 1993).
In contrast to our study, many researchers have based their analysis on business cycle variables or stock market valuation measures such as the term spread or default spread for the former category or dividend yield or earnings yield for the latter. (1990) . These variables are usually found to be stationary and as we plan to model long term equilibrium using non stationary variables we do not included them in our model.
As McAdam (2003) has confirmed, the US economy has been characterized by more frequent but less significant downturns relative to those suffered by the Japanese economy. This might be explained by a higher capital and export orientated Japanese economy relative to the US. We might therefore expect higher relative volatility in corporate cash flows and hence also in Japanese share prices. A priori, therefore, share prices in Japan may be more sensitive to changes in industrial production, although the greater relative volatility may also influence the estimated coefficient standard errors in any regression equation. However, previous research (see Binswanger, 2000) has found that although both stock markets move positively with economic output, that the coefficient for output on equity returns tends to be larger for the US data relative the Japanese data. Campbell and Hamao (1992) also find smaller positive coefficients for the dividend price ratio and the long-short interest rate spread on stock market returns in Japan relative to the US in a sample covering monthly data from 1971 to 1990.
Thus the intuitive expectation of higher coefficients in Japan due to higher capital and export exposure has not been confirmed empirically in existing research. Japan's banking crisis and subsequent asset deflation during the 1990s could have changed significantly the influence of a number of variables, particularly the interest rate and money supply.
To our knowledge, there has not been any empirical study of the present value model in Japan after the early 1990s and thus the severe downturn with low economic growth and deflation. Existing studies of the Japanese stock market before 1990
include Brown and Otsuki (1990) , Elton and Gruber (1988) , and Hamao (1988) , although these papers mainly consider stationary business cycle variables and risk factors and therefore cannot give an indication of the empirical relationships we might expect to find in our model.
In this paper we compare the US and Japan over the period January 1965 the Japanese banking sector is also captured in our data (see Government of Japan, 1993). Most existing research has been applied to US data and very little is known about the differences between US and Japanese stock market valuation. This paper investigates the differences and common patterns in both countries in order to verify whether the same variables that explain aggregate stock market movement in the US can also be used to do so in Japan.
III. Empirical Methodology
As we are interested in modelling a long term relationship between macro variables and the stock market, cointegration analysis is the ideal tool. We use the 
IV. Empirical results
As a first step, unit root tests for the US and Japanese dataset have been applied to the data. For brevity, we do not present the full results here 6 . We find all series to be I (1) when we use the Phillips-Peron test and we proceed under the assumption that all series (US and Japanese) have a unit root.
Our next step is to estimate the appropriate cointegrating vector using both the US and Japanese data as follows:
Japan NKY 225 = β 1 C + β 2 IP + β 3 CPI + β 4 M1 + β 5 Disco
Note that all series are in natural logarithms. SP500 is the real S&P 500 price, C represents a constant term, IP is real Industrial Production, CPI is the consumer price index, M1 represents real M1, the real ten year US T-Bond yield is given by TB, NKY is the real Nikkei 225 and Disco is the real official discount rate (lending rate) in Japan. For the US, Industrial Production, CPI and the ten year bond yield has been taken from the IMF, M1 is taken from OECD while the S&P500 is downloaded from Bloomberg. Japanese Industrial Production, CPI and the discount rate are taken from the IMF, Japanese M1 and the Nikkei 225 are taken from the OECD and Datastream respectively. Our data has a monthly frequency and our sample runs from January 1965 until June 2005. As industrial production, M1 and the CPI time series show strong seasonality, seasonally adjusted data is used.
For the US data, the trace statistic suggests two, and the maximum eigenvalue statistic one, cointegrating vector at the 5% significance level (see Table 1 ). Given the evidence in favour of at least one cointegrating vector, we normalise the cointegrating vector on the stock price and find a significantly positive coefficient on Industrial Production, an insignificantly positive coefficient on M1 and a significantly negative relationship between the stock price and both the 10 year T-Bond yield and CPI (Table   2 ). A test of the zero restriction confirms M1 does not have any explanatory power and we re-estimate the cointegrating relationship without M1. One cointegrating relationship is then confirmed for the four remaining variables and the signs of the cointegration coefficients remain the same (Tables 3 and 4) . Thus, the US stock market shows a significantly positive relationship with industrial production, while bond yields and CPI have a statistically significant negative relationship. The error correction model shows that the S&P 500, the consumer price index as well as industrial production contribute to the error correction process.
For the Japanese data, the trace statistic and the maximum eigenvalue statistic test indicate two cointegrating vectors at the 10% significance level (see Table 5 ).
Thus we allowed for two cointegrating relationships in the Japanese data. We normalised one cointegrating vector on the stock price and, as for the US data, found a positive and significant relationship with industrial production, but in contrast to the US results, a negative and significant relationship with the money supply.
Surprisingly, we found both the CPI and the discount rate to have an insignificant influence over the stock price in this cointegrating vector. We normalised the second cointegrating vector on industrial production and found a significantly negative relationship with both the CPI and the discount rate (Table 6 ).
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The results using US data are broadly in line with existing theory and evidence.
As expected and in common with most existing research (see inter alia Chen, Roll and Ross, 1986 , Cheung and Ng, 1998 and McMillan, 2001 we find a positive relationship between industrial production and the stock price. In the case of CPI, the US shows a negative coefficient for the stock price. This result is also supportive of previous research (see inter alia Chen, Roll and Ross, 1986 , Geske and Roll, 1983 and Fama and Schwert, 1977 . Also, as expected, and in common with previous research, the US long-term interest rates show a negative influence on share prices. Finally, in common with McMillan (2001), we find the money supply, M1, does not contribute significantly to the stock price in the US. This perhaps suggests that the various influences the money supply has on the stock price (discussed above) may 'cancel' each other out.
The interpretation of the Japanese results is a little less straightforward. For the Japanese data there is also a positive relationship between industrial production and the stock market, although the coefficient is higher, suggesting as discussed above, a higher sensitivity of stock prices to industrial production.
However, when using the Japanese data, CPI is only significant in the second cointegration vector, normalised on industrial production, where it yields a negative relationship. Thus the influence of the CPI upon stock prices is negative only indirectly, via the coefficient on industrial production. This finding is surprising and differs from that of Mukherjee and Naka (1995) , who find a negative coefficient on CPI for a cointegrating vector normalised on the stock price. 8 One reason for this difference may be due to the larger sample size in our study. Mukherjee and Naka make use data from the period 1971 to 1990. This corresponds to a period of relatively high inflation in Japan and stable (after the impact of the 1973 oil price shock) growth in industrial production. Our sample includes the period of strong disinflation (in the early 90s during the Japanese stock market downturn) and deflation in the late 90s and early 21 st century, falling stock prices and stagnant but volatile industrial production.
During periods of low inflation its impact upon stock prices, via unexpected inflation, inflation uncertainty and a 'Defina effect' (as discussed above) is likely to be low. The period of deflation and falling stock prices is also likely to reduce the magnitude of any negative relationship over the rest of the sample.
The money supply M1 shows a significant negative coefficient on the cointegration vector normalised on the stock price, when using the Japanese data. We also find the coefficient, for the same vector, on the discount rate is insignificant. This is an unexpected result that may also be at least partly due to the difficulties faced by the Japanese economy since 1990 9 . Krugman (1998) has suggested the Japanese economy has suffered from a Keynesian liquidity trap during the late 1990s and early 21 st century (see also Weberpals, 1997 and also Svensson, 2003) , and our findings may be consistent with this. In particular our results are consistent with an increasing money supply during the period (particularly after 1995) and falling interest rates that were unable to pull the Japanese economy out of its slump, or prevent stock prices from falling.
V. Conclusion
In order to achieve a deeper understanding of long term stock market movements, a comparison of the US and Japanese stock market, using monthly data over the last 40 years has been conducted. Using US data we found evidence of a single cointegration vector between stock prices, industrial production, inflation and the long interest rate. The coefficients from the cointegrating vector, normalised on the stock price, suggested US stock prices were influenced, as expected, positively by industrial production and negatively by inflation and the long interest rate. However, we found the money supply had an insignificant influence over the stock price. In Japan, we found two cointegrating vectors. One normalised on the stock price provided evidence that stock prices are positively related to industrial production but negatively related to the money supply. We also found that for our second vector, normalised on industrial production, that industrial production was negatively related to the interest rate and the rate of inflation. Roll and Ross (1986) use a PVM framework to investigate the impact of systematic risk factors upon stock returns, through factor influences on future cash flows or the discount rate of those cash flows. They found that the yield spread between long and short term government bonds, expected inflation, unexpected inflation, industrial production growth and the yield spread between corporate high and low grade bonds significantly explain stock market returns. 2 In Japan the NIKKEI fell almost 75% over the 13 years from 1990. 3 The derivation of the PVM could easily be extended to allow a time-varying expected discount rate. 4 See inter alia Fama (1981), Chen, Roll and Ross (1986) , Schwert (1990) , Mukherjee and Naka (1995) , Cheung and Ng (1998) and Binswanger (2000) 5 For example see Chen, Roll and Ross, (1986) and Mukherjee and Naka, (1995) 
US Vector Error Correction with standard errors and t-values
D(SP500) D(IP) D(CPI) D(M1) D(TB) ECM(- 1) -
Japan Vector Error Correction with standard errors and t-values
D(NKY225) D(IP) D(CPI) D(M1) D(Disco) ECM(-1) -
